CONTENTS

Pa

(2]

FINTRODUCTION
- REVIENW OF LITERATURE i,
B P N O S Y 1 P
AL Survey of mites associated with stored products ..........
2 Sumvey ofinseets associated with stored products ...,

[ SO

1
]
1
2. Feolovical and Biological studies oovviieiiiiiiiiiiiiiiininn.
3. Biological control of stored product pests ool
-MATERIALS AND METHODS oo,
Lo Ecological Studies v s

L1, Survey of mites and coleopterous insects associated with

W

I

N
(WIRRV/ BV B S IEEN B S SO el 1)

PN

stored legume crops ..., P & .
1.2, Species composition of mites and coleopterous insects
associated with stored legume crops coeveveviiiiiiiiiniiiin 49

I.3. Population densities of mite suborders and colcopterous
mscects associated with legume crops coovvveeniiiiiiiiiinn

N
=2

2o Biological Studies oo e rreireeeneiee. SO
2.1. Coleopterous bruchid beetles ..., 1
200 Collection methods oo, SU
202 Rearine methods ool et |
2.2 Cheyletid predatory mites ..., e e R |
220 Mass cultare for the predatory mites cooovviiiiiienna 5l
122 Collection method coiiiiiiiiicciece e S
2230 Rearing predatory mites coovvveeeiiinnninn... - 3
3. Biological Control ........... ettt ereeaaieaiaeereaeeaeaan, 53
L Etthcieney of Comalacceensis on eggs of Callosobruchus

Sacildins oo e 33
3.2, Efficiencey of C.onalaceensis on eggs of Callosobruchus

clhiinensis oo, e e e R
3.1, Efficiencey of A sollers on eggs of Callosobruchius

MACHlarniy oo R X

3.1 Pfticienes of A sollers on eggs of Callosobruchus

—
i
—~
r
s
-~
7
o
-
—
.
-
.
I -
~
~
7
Ju e
o th 'R

[. ITvological Studies ... ettt e
L1, Scasanad abundance of mite suborders and coleopterous
insects assocated with stored legume erops covevevcieinians 50

P The first season (September 1998 — August 1999) ... 50
Ao Broad bean crop oo 50
Do Sweet pea erop oo, i e ..

oo Canwpea erop .. e eeeereieeeiee e, e eererieieeaeaes
do Ridney bean crop coviiiiiiiiiii e e


http:��...��.�.............�.�..�..������

Page

¢. Fenugreek crop ........ e, 01
£, Lupine Crop «ooevvieeiiiiiiiiiiiiiiiiie 65
g hentil Crop coveveiiiiiiiiiiii e 65
he CRICKkpea Crop covevviieiiiiiieiiicineeenns e . 68
i. Crushed broad bean (bi-product) c.oovvviviiiiiniiiinnan 68
i. Crushed soybean (bi-product) ......... eereeriiea 69
[.1.2. The second season (July 2000 — June 2001) ......... ceeene 78
a. Broad bean crop ...l ceereeaes Cerererer i, 78
h. Kidney bean crop ...... e eaeeaaas 79
. Cowpeaerop v veevas Ceereeierere e, 87
dohentil Ccrop oo . 91
¢. Crushed broad bean .............. et teerarieeereieas 95
f. Crushed soybean crop coovveeviiiiiiiininninni, 99

113 Statistical analyses coevveviiiiiiiiiiiiiiiiiiiieiieiinnieeees. 110
a. I'ffect of monthly inspections on the population

densities o, R 110
1. Acaridid mites ........ e rteetesantenieteeenteneereerans cennene 110
2o ACHNCIA MIECS ittt i ieitciie e eaieennens 110
3 Gamasid MUEES covrriiiiii it ieciieieraeetreneanes cerenrens 111
4. Colcopterous insects cooeviieiiinnen. . 111

h. Comparison among the susceptibility of the six stored
lcoumes to infestation or association with mite and

coleopterans ............ et ie e, R B B

1. Acaridid mites ...oee 111

2. Actinedid mites ...l . R 111

3. Gamasid mites ....... et e S § 9/

4. Coleopterous inSeCts coiiiiiiiiiiiiiiiiiiiiieareanes . 112
¢. Corrcelation of mites and coleopterans with climatic

Factors coviiiiiiiiiiiini Ceeerieaeaas cereeieianeaes R &

I.1.4. Comparison between the population densities of the
mites and coleopterans associated with six stored

lecaumes in both seasouns ...... e, P L8

1.2. Species composition ....... e 124
o Broad Dean i e 129

h. Kidney bean ....o..eee.. ceenans . Cerrerieiiiaees . 129

. Cowpea oo, P 129

1 I O 1} 1 PP 129

¢, Crushed broad bean ... et e e es 129

I Crushed soybean oo creraeenee 129



il
Page
1.3. Some ecological aspects between mites and coleopterans. 131
2. Biological Studies ...oovviiiiiiiiiinnn.. P IR v/
2.1. Biology of bruchid beetles ........coooviiiiiiiiiniieiini. 137
2.1.1. Biology of Callosobruchus maculatus ....................... . 137
2.1.1.1. Developmental stages and life span ... 137
2.1.1.2. Fecundity and cfficacy of male mating of C.
maculatus ............. eereeeneneas et 139
2.1.2. Biology of Callosobruchus chinensis ..o.o..oooioviviiiiii 144
2.1.2.1. Developmental stages and hife span ... 144
2.1.2.2. Fecundity and efficacy of male mating of C. chinensis 145
2.1.3. Compuarison between reproductive potentiality of both R
heetles oo, et ereet e e eriiiiaeaeas 146
2.2, Biology of cheyletid mites ..ooveveiviiiiiiii, e 158
2.2.1. Biology of the predatory mite Cheyletus malaccensis ... 158
2.2.1.1. Developmental stages and life span on eggs of C.
MActlarus «......cooooiiiiiiiii . e R It
2.2.1.2. Developmental stages and life span on eggs of C.
chinensis ............... e e 160
2.2.2. Biology of the predatory mite Acaropsis sollers........... 103
2.2.2.1. Developmental stages and life span on eggs of C.
maculatus ...... e e e e 163
2.2.2.2. Developmental stages and life span on eggs of C.
chinensis .................. e seieee e e 164
2.2.3. Comparison between bionomics of C. malaccensis and
' Aosollers oo T £\ )
3. Biological Control .....ooooviiiiii. P A
3.1. Efficiency of Cheyletus malaccensis as a biological
control agent ..o 173

3.1. L. Predation capacity of C. malaccensis on C. muaculatus
COUS Liiiiiiiineiens T VAR

3.1.2. Predation capacity of C. malacceusis on C. chinensis

3.2. Efficiency of Acaropsis sollers as a biological control
AZCNL e ernae e e, e TORT

3
3.2,

2.1 Predation capacity of 4. sollers on C. maculatus eggs ... 177
2.2, Predation capacity of A, sollers on C. chinensis eggs..... 178

o




Page
3.3 Comparison between the efficiencey of the two
predacious mites ... e e e 180
.31 Comparison among the predation capacities of stages
of the two predacious mite species ....... Cerreneans cerenene. IS0
322 Compagison the daily consumption rates of the two
predacions mite SPecieS i iiiiiniiniiiienee.. 180
3.3 3 Comparison the consumption percentages of the two
PreCTOUS MEC SPCCICS. it ittt iieiiae e aaenaaes 190
VoSNUNMNNIARY L e e e e 197
VIEREPERIENCES o e 225

ARSBIC SUNDNARY



197

V- SUMMARY

Some mites and coleopterous insects are of great economic
miportance of stored products in many parts of the world, especially in
[-aypt where the climate is temperate and large quantities of legume crops

are grown and stored.

The present work was initiated in September 1998 and terminated in
June 2003, to study the ecology, biology and biological control of mites
and colcopterous insect species associated with stored legume crops. The
influence  of some environmental factors on the distribution and

abundance of mites and coleopterans were studied and discussed.

1. [cological Studies:

1.1. Seasonal abundance of mite suborders and coleopterous insects
associated with stored legume crops:

1.1.1. The first season (Septenmber 1998 — August 1999):

A preliminary study was carried out on ten-stored legume crops.
a. Broad bean crop:

The average numbers of mites associated was with an average of
33.7 mites/tortnight. The percentages of the three mite suborders were
73.0, 249 and 2.1 for Acaridida, Actinedida and Gamasida, respectively.

The numbers of coleopteran was with an average of 12.8 individuals. The

proportions of mites and insects were 72.5% and 27.5%, respectively.,

h. Sweet pea crop:

The population of mites averaged of 19.7 mites. The percentages of
the three mite suborders were 79.2, 20.3 and 0.5% flor Acaridida,
Actinedida and  Gamasida, consecutively. The population ol colcopteran
averaved 1.8 individuals, The proportions of mites and insects were

1.6 and 8.4%, successively.
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¢. Cowpea crop:

Tl population was with an average of 24.7 mites. The percentages
of" the three mite suborders were 84.6, 13.8 and 1.6 for Acaridida,
Actinedida and Gamasida, successively. The population density of
colcopterous insects was with an average of 4.4 insects. The percent of

mites and insects were 84.9 and 15.1%, respectively.

d. Kidney bean crop:

The number of mites was with an average of 38.5 mites. The
percentages of the three mite suborders were 77.7, 20.0 and 2.3 for
Acaridida, Actinedida and Gamasida, respectively. The average numbers
was with an average of 29.8 individuals. The perecent ol mites and insects

were 50.4 and43.6%.

¢. Fenugreek crop:

The mites represented by Acaridida and Actinedida and averaged
8.2 mites, the percentages were 79.3 and 20.7%, successively. The
population of coleopterous insects was with an average ol 1.0 individual.

The percent of mites and insects were 89.1% and 10.9%, respectively.

f. Lupine crop:

The population of mites was with an average ol 13.9 mites. The
percentages of the three mite suborders were 79.9, 19.4 and 0.7 for
Acaridida, Actinedida and Gamasida, consecutively. The population of
coleopterous was with an average ot 0.4 individuals. The proportion of

mites and insects were 97.2% and 2.8%, respectively.

g. Lentil erop:
The population of mites was with an average of 84.2 mites. The

percentages of the three mite suborders were 85.0, 11.4 and 3.6 for
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Acaridida, Actinedida and Gamasida, consecutively. The population
density of coleopteran was with an average of 17.8 individuals. The

percent of mites and insects were 82.5% and 17.5%, respectively.

h. Chickpea crop:

The population of mites was with an average of 37.7 mites. The
percentages of the three mite suborders were 76.4, 21.5 and 2.1 for
“Acaridida,  Actinedida and Gamasida, successively. The population
density of coleopteran was with an average ol 12.5 individuals. The

percent of niites and insects were 75.1% and 24.9%.

i. Crushed broad bean (bi-product):

The population was with an average of 120.5 mites. The percentages
of" the three mite suborders were 91.0, 8.3 and 0.7 for Acaridida,
Actinedida and Gamasida, respectively. The population of coleopterous
insects was with an average of 7.0 individuals. The percent of mites and

insects were 94.1% and 5.9%, successively.

J. Crushed soybean (bi-product):

The population was with an average of 47.3 mites. The percentages
ol the three mite suborders were 87.3, 11.2 and 1.5 for Acaridida,
Actinedida and Gamasida, respectively. The population of coleopterous
insects was with an average of 7.4 individuals. The percent of mites and

insects were 86.5% and 13.5%, respectively.

The preliminary inspections confirmed that there were three criteria
ol association mites with the stored ten legume and bi-product crops, 1.e.
low. moderate and high. The Tollowing points had been established and

clartfied:
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I The occwrrence of acaridid mites was found in high criterion, followed
by colcopterous insects, actinedid and gamasid mites. It was ranked as
the tirst one on the ten-stored legume crops.

2 The ialestation by  of acaridid mites is responsible for the high

fTuctuation of the total mites from a time to another.

OS]

. The inlestation by coleopterans took place as the second rank.
4. The occurrence of actinedid and gamasid mites almost was noticed in
a few numbers during spring and summer seasons. They were ranked

as the third and the fouidi rank.

n

. Regard to the association of the three mite suborders, results indicated
that stored crushed broad bean as bi-product and lentil crop were with
high criteria followed by bi-product of soybean, kidney bean,
chickpea, broad bean and cowpea as moderate criteria.

6. According to the infestation by coleopterous insects, data confirmed
that stored kidney bean crop was ranked the first one followed by
lentil broad bean, chickpea, crushed broad bean and crushed soybean.

7. The inlestations of acaridid mites and coleopterous insects on storage
room were higher in spring and summer scasons than autumn and
winter seasons.

8. The three remained stored crops; e.g. sweet pea, lupine and fenugreek
have the least numbers of occurrence ot both arthropods collection.

9. Approximately the occurrence of gamasid mites was in very scarcely

numbers in all stu.ed crops under consideration.

1.1.2. The second season (July 2000 — June 2001):

Samples of four stored legumes (broad bean, kidney bean, cowpea
and fentily and two bi-product crops (crushed broad bean and crushed
~c “beany were  collected from storage room and investigated. These

stored six crops were chosen from the previous preliminary.
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a. Broad bean crop:

The population densities of  mites have three annual peaks of
abundant. The first was the highest one in October 2000. The second and
the third pecks were observed during April 2001 and June 2001,
respectivelv. The coleopterous insects infested stored broad bean with
two  peaks during October 2000 and June 2001, successively. The

proportions of mites and insects were 81.1% and 18.9%, respectively.

b. Kidney bean crop:

The total numbers of mites approximately equal the total numbers of
coleopterous nsects. The occurrence of the total mites was with three
pcaks. The first one was the highest in August. The second and third
peaks were noticed in November 2000 and April 2001, The coleopterous
insects occurred with four peaks. The first was the highest in July 2000.
The sccond  and the third peaks were in low numbers in September 2000
and January 2001, successively. The fourth one was also in a high
number during June 2001. The percentages of mites and colecopterans

occurrence were 49.9% and 50.1%, respectively.

c. Cowpea crop:

The total numbers of mites occurred with three peaks. The first one
occurred i October 2000. The second peak was found in April 2001. The
third peuak the highest was observed in June 2001. The coleopterous
insects inlested stored cowpea with only one peak only in June 2001. The

percentaces of mites and insects were 84.3% and 15.7%, respectively.

d. L.entil crop:
The total numbers of mites occurred with high three peaks. The first
one occurrad in October 2000, The second peak was scored in April

2001, “The third  peak the highest was observed in June 2001. The
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coleoptrous insects infested stored lentil crop with one peak only in July
2000. The proportions ol mites and coleopterans occurrence were 81.5%

and 18.5%, successively.

¢. Crushed broad bean crop:

The occurrence of mites was with two peaks. The first one occurred
m - October 2000, The second peak was noticed in June 2001. The
coleopterans infested stored crushed broad bean with three small peaks in
November 2000, March and June 2001. The proportions of mites and

colcopterans occurrence were 86.7% and 13.3%, respectively.

f. Crushed soybean crop:

I'he occurrence of mites was with two peaks. The first one occurred
i October 2000. The second peak was noticed in June 2001. The
coleopterous  insects infested stored crushed soybean with two small
peaks in October 2000 and June 2001. The proportions of mites and

coleopterans occurrence were 91.2% and 8.8%, respectively.

I he susceptibilities of six-stored legume crops to association and/or
infestation by mites and coleopterous insects were arranged In
descending order. There were two criteria i.¢., moderate and high. Results
clearly 1ndicated that the susceptibility ol six-stored legume crops for
associations of mites in this descending order as the following ranks.
Lentil wok place as the 1™ rank followed by crushed broad bean as the
2" Lk, broad bean as the 3™ rank and then kidney bean as the 4™ rank.
While the infestations with coleopterans were ranked as the tollowing
ranks: kidney bean took place the 1% rank followed by lentil as the 2™
rank. broad bean as the 3™ rank and crushed broad bean as the 4™ rank.

1l tl
Towpea and cru hed soybean were ranked as the 5 "and the 6 ranks.
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Our results indicated that most of mites and coleopterous insects
increased by increasing in temperature degrees, while relative humidity

has a little eftect on the populations of these pests in storage.

{.1.3. Statistical analyses:

There  were highly significant differences among the population
densitics of the mites and the coleopterous insects associated with the six-
stored  legume crops  during  monthly observations and among their
susceptibilities. In addition, the interaction effects of months and six crop

kinds have highly significant differences.

a. Pffect of monthly inspections on the population densities:

There  were significant differences among the effect of monthly
inspections  on  the population  densities  for each ol the three mite
suborders and coleopterans associated with the six-stored legume crops.
The following data explain the differences and ranks in the populations.
1. Acaridid mites: High significantly differences were tound among the

mean number of these mites in June 2001 and the mean numbers of
the remaining  eleven monthly inspections and ranking the 1*. While,
the mean numbers in July, August and September had no significant
differences, they were ranked the 9™, 8™ and 10™, respectively.

2. Actinedid mites: Significantly difference was noticed between the
population density in June 2001 and the population densities of the
revting eleven months  and ranking the 1. While no significant
differences among the population densities in July (the 8" rank),
September 2000 (the 6™ rank) and March 2001 (the 7" rank) or
between the population density in April (the 3™ rank) and May 2001
(le 2" rank) were observed.

3. Gamasid mites: The mean number of these mites in April 2001 had

si_.ulicant difference with the means of resting eleven months and
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ranl e the 1M While the mean numbers in July. August, November
2000, February and May 2001 had no significant difterences. They
were ranked the 5™, 8™ 6™, 9™ and 7%, successively.

4. Colvopterous  insects: There was significantly  difference either

Fetween the population density in July 2000 (the 1™ rank) and the

. . i . .
population in June (the 2" rank) or the population in May 2001 (the

~

37 rank). Al the three categories were significantly diflerent with the

population densities ol the resting nine months.

h. Comparison_among the susceptibility of the six stored legumes to
infestation or association with mites and coleopterans:

were were sientlicant differences among  the susceptibility ol the

sinestonod legume crops to inlestation or association with mites and

insects. Fhe foliowing points had been established and claritied:

. Acaridid mites: Thieh signilicantly differences were found among the
testation susceptibility ol stored Tentl crop by acaridid mites and the
siseeptibilities of the remaming five stored feeumes crops and ranking
the 1Y While, the susceptibilities of stored broad bean, Kidney bean
coid crushed broad bean had no significant diflferences, they were
ranked the 4™ 3™ and 2" successively. In the same time they had
stonilicant  ditferences  between  their susceptibilities and  the
susceptibility either ol stored cowpea  (the 5™ rank) or crushed
son bean (the 6™ rank).

20 Actinedid mites: No o sienificantly dilference was found between the
plestation or association susceptibility ol stored  lentil and crushed
broad bean with these mites, they were ranked the 1° and 2", while
theve  were signilicantly  differences  between  them and  the
susceopubilities of the resting four stored crops. Inaddition, there was
rosionificant!y ditfereace  either between the susceptibility ol stored

~rd

: I
Lrowd bean (the 3™ rank) and stored Kidney bean (the 47 rank) or
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herween the susceptibility of stored cowpea (the 3™ rank) and crushed
sor bean (the 6™ rank).

3. Gamastd  mites: There  was signtheantly dilference between the
o oociation  susceptibility  with stored lentil (the 1™ rank) and the
Goociation susceeptibilities ol five remaining stored  crops. The
stsceptibilities with stored broad bean, kidney bean, crushed broad
hean and crushed sovbean had no signilicant difterences. Thev were
caeded the 6" 4™ 3" and 3™, conseeutively.

4. Caleopterous insects: There was signilicantly ditference between the
mlestation susceptibility of stored kidney bean (the 1™ rank) and the
miieatation susceptibilities ol the five resting stored Tegumes by these
msects. Whiist, no significant difference was noticed either between
e etestation susceptibility ol stoved  broad bean (the 3™ rank) and
stored Tentil (the 2" rank) or between stored cowpea (the 3™ rank ) and
ctored erushed broad bean (the 4™ rank) or stored crushed S0y bean

1h

(the 67 ran

). Alsol stgnilicant difference was found between stored

creshed broad bean and crushed sovbean.

I

o population density of actinedid mites showed a positive and
Strone by sionheant correlated with acaridid mites and i temperature,
winle had a negatve and msignificant correlation with R.JH%0 and
positive insignificant - correlation with the population densities of

camasid mites and coleopterous nsects.

5

1T he population density ol gamasid mites showed positive signiticant

with the population ot acaridid mites and insignificant correlation with

i population density ol coleopterans and air teniperature, while a

e and msigniticant correlation was noticed with RUH. .
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S The populanion of coleopterous insects showed a positive and slightly
sientoant correlation with aie temperature, while had no signiticant
correlation with the population of acaridid mites and R.H.%.

4o There was positive  or negative and insignificant correlation between
air temperature and the population of acaridid mites or R.H.%.
Therethre. from the above-mentioned data. it could be observed that
air wemperature has an important role in the distribution of actinedid
mites. coleopterans and shight effect on acaridid and gamasid mites.

0. Incontrary, R L% has a low effect on the populations.

/. 1.4. Comparison betvween the population densities of the mites and
coleopterans associated witl six stored legumes in botl seasons:

The population densities ol acaridid mites infesting six stored
Lconmes were hioher in the second season than that of the first season,

axeept for both bi-products the opposite was true.

The population densities ot actinedid mites associated with the six
stored  Teoumes were higher i the lirst season than that the second

season. exeept for cowpea and lentil the opposite was true.

1he population densities of gamasid mites associated the six stored

lcevmes were higher in the second season than m the [irst season.

The population densities of the total mites associated with the six
stored leaumes were similar to those ol acaridid mites. Because ol as
dlorementoned results the high population densities ot acaridid mites

allected the population fluctuation of the total mites.

ation densities of coleopterous insects infesting six stored

1he popu
Ccwere higher i the second season than that of the Tirst scason,

red broad bean the mverse trend was noticed.

S Tor e



1.2. Species composition:

A total of thirty-six mite species belonging to twenty-six genera
[ollowing seventeen families of the three mite suborders were collected
and 1dentified. However, Acaridida represented by sixteen spices
belonging  to  thirteen  genera following six families. Actinedida
represented by twelve spices belonging to eight genera following seven
families. Gamasida represented by eight spices belonging to five genera

following four families.

It could be elucidated that the most common mite species infesting
the six stored legume crops as pests were T. putrescentiae, B. freemani,
L. destructor and G. domesticus. Relatively the most abundant species of

predacious mites were C. maluccensis and B. mali.

A total of seven insect species belonging to five genera following
three  families of order Coleoptera were collected and recovered trom the
six legume crops. However, it could be noticed that the most abundant
coleopterous species infesting  the six-stored legume crops as pests were
C. maculatus, Tribolivun castaneum and Sitophilus oryzae. However, C.
chinensis infested stored cowpea only, B. rufimanus infested broad beun
only and T. confusum highly infested lentil only, while B. incarnatus

infested stored broad bean, lentil and crushed broad bean crops.

a. Broad bean: A total of twenty-three mite species following sixteen
genera belonging to eleven families and five coleopteran species
ivllowing five genera belonging to three families.

b. Kidney bean: A total of fifteen mite species following thirteen genera
beloneing to nine families and three  coleopteran species following

thice eenera belonging to three families,
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¢. Cowpea: A total of eighteen mite species following fourteen genera
belonging to nine families and four coleopteran species following
three eenera belonging to three families.

d. Lentil: A total of twenty-six mite species following twenty gencera
betonging to fourteen families and five coleopteran species following
tour genera belonging to three families.

¢. Crished broad bean: A total of fifteen mite species following eleven
genera belonging to eight families and four coleopteran species
following three genera belonging to three tamilies.

f. Crushed soybean: A total of fifteen mite species lollowing eleven
genera belonging to eight  families and two coleopteran species

following two genera belonging to two families.

1.3. Some ecological aspects between mites and colcopterans:

There are two types of relationships between acaridid mites and
coleopterous insects under storage conditions. Firstly, is the competition
and sccondly is the predation. The competitions among threc mite species
(T. putrescentiae, L. destructor and G. domesticus) and two coleopterous

specics {Comaculatus and T, castaneum) werce studiced.

2. Biological Studies:
The biology C. mualaccensis and A. sollers on cggs of the two
coleopterous  beetle  species were evaluated during the period from

January to June 2003,

2.1. Biology of bruchid beetles:

2.1 1. Biology of Callosobruchus maculatus:

2.1.1.!. Developmental stages and life span:
a. 1oy stage: The incubation period of eggs averaged 9.0 days.

b. Larval stage: 1t averaged 23.0 days.
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Pupal stage: 1t averaged 7.0 days to moult and reach the adult stage.

d. Adult stage: The adult longevity averaged 27.4 days and involves the

following three periods:
Pre-oviposition period: Alter the last moulting of the pupal stage, the

adults emeree to go across the holes in cowpea seeds. Mating between

a male and a female lasted 1 =9 min. however: all crossing took place
for about 20 to 25 min. during  this period. The adult female beetle

sty s ashort time (one day only) to lay its {irst egg on cowpea seed.

e Oviposition period: |t averaged 16.8 days.

e [ost-oviposition period: 1t averaged 9.6 days.

C.

/.

.

.

Life cycle: The life evele averaged 39.0 days.

The pre-reproductive period: 1t includes incubation  period. farval,
pupal developmental periods and the pre-oviposition period of an
adult female. However, 1tis nearly equal to the life cycle plus the pre-
orviposition period.

The reproductive period: 1t was counted  as the number of days for
which a given female continued to reproduce. However, here 1t could
be considered the oviposition period.

The post-reproductive period: It was estimated as the time elapsed
Fetween the date of laying the last egg and the date of death of the
mather. Here it could be considered the post-oviposition period.

The life span: The life span was caleulated by summing up the above

mcntioned three pertods. TCaveraged 60.4 days.

2.1.1.2. Iecundity and ¢efficacy of male mating of C. maculatus:

a. Fecundity: At mating 5 males x 5 females, the average number of

ous owas 003 eges/female, while, the averages were 40,3, 38.2 and

O coos Temale Tor mating between one male and 1, 2 and 3 females,

oonectively,
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b FEgo fatchability percentages: The averages of hatching eggs were
higher in cross ol 5 males x 5 temales than those of male x 2 females
followed by male x female and the lowest one was male x 3 females.
Where the averages were 460.9, 28.8, 22.3 and 20.0 eggs/female,
successively. Thercfore, similar trend was noticed for the hatchability
percentages to those of the averages.

¢. Mortality percentages: The averages ol unhatching eggs were lower
in cross of male x 2 females than those of 5 males x 5 females
followed by male x female and the highest numbers was for cross

~

male x 3 females. However, the mortality percentages of eggs were

fou: Iin contrary to those of the hatchability percentages.

2.1.2. Biology of Callosobruchus cliinensis:

2.1.2.1. Developmental stages and life span:

a. Lgg stuge: T'he incubation period of cggs averaged 0.2 days.
b. Larval stage: 1L averaged 30.6 days.

¢. Pupal stage: 1t averaged 0.6 days.

d. Adult stage: 1t was divided into:

e Pre-oviposition period: The adults emerge to go across the holes in
cowpea seeds. Mating between a male and a female lasted | — 7 min.
however; all crossing took place forabout 30 to 35 min. during this
perind. The adult temale beetle stays a short time 1 - 2 days to lay its
first cgge on the cowpea seed.

e Oviposition period: 1t averaged 12.2 days.

e Post-oviposition period: It averaged 10.8 days.

o Adult longevity: 1t averaged 24.2 days.

e. Life cycle: The life cycle averaged 43.4 days.

f. The life span: 1t averaged 67.6 days during.
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2.1.2.2. Fecundity and efficacy of male mating C. chinensis:

a. Fecundity: In mating S5 males x5 temales, the average number of
coos owas 2001 eggs/lemale, while the averages were 37.3, 24.8 and
204 cegs/lemale for mating between one male and 1, 2 and 3 females,
consecutively.

h. Log hratchability percentages: "IThe averages ol hatching eggs were
lieher mocross ol 3 muales x5 females than those ol male x female

followed by male x 3 female and the lowest one was male x 2 females.

Where the averages were 203, 20.0, 14.3 and 13.2 eggs/female.
= o

stccessively. Hlowever, the hatchability percentages were differed
benween the crosses.where these proportions were 77.6% lor 5 males

N females. 34.6%0 for male x male, 33.0% for male x 2 temales and

the Teast percent was 48.7% for male x 3 females.

. Mortality percentages: The averages of unhatching eggs were lower

Panlwe,

mocross ol male x 2 females than those of 5 males x 5 females

followed by male x female and the highest numbers was tor cross

nade N 3 females,

219, Comparison benween reproductive potentiality of both beetles:
Fhe reproductive potentiality ot adult females for laying eggs was
decremed when beetle males were crossed with increasing  of temale

numbers or the sex ratio between male to female mcereased trom 131

reaching 1o 2 or 12 3 male to females, respectively. However, the cross 5

males « 3 females (sex ratio was 1: 1) showed the highest numbers of

Jeposited eggs and hatchability.

IHowever. the high dilTerentiation ol hatching percentages in crosses
e ailes xofive females for both bruchid beetles may be due to the

Pollors i stgoestons:

Chronp ol males and females enhanced the Tertilization process.
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Any male can be mated more than one female.

There is a great chance for mating of any female by more one male.
The sex ratio was as the theoretical ratio (1: 1), when sex ratio dittered
than the theoretical ratio increasing or decreasing on numbers of
offspring could be attributed to efficacy ot male mating. Taken in our
consideration those females are responsible for reproduction of the

oflspring.

2.2. Biolooy of cheyletid mites:

Tvo reasons for which the predacious mites C. maluccensis and A.

sollers were reared i.e., to study the life span and the etficiency on

preying eggs of both bruchid beetle species.

2.2.1. Binlopy of the predatory nmiite Cheyletus malaceensis:

The duration in days of females and males of the predatory mite C.

malaccensis reared on epgs of C. maculatus and C. clhiinensis was given.

2

o

-

2.1.1. Developmental stages and life span on eggs of C. maculatus:

. Egg stage: The incubation period averaged 6.3 days for temales,

&

while for males averaged 6.7 days.

. Larval stage: The developmental period of larvae averaged 3.0 days

tor females. For males averaged 10.0 days.

. Nymphal stage: 1t averaged 27.7 days (o reach the adult female. In

tact, there are two nymphal stages for female only i.e., the
protonymphal stage duration averaged 10.3 days. The deutonymphal
stage averaged 17.3 days. Duration of nymphal stage for adult male

ha= one stage only. It averaged 13.7 days.

4. Adule stage: The longevity of adult male is shorter than that of the

adalt female. It averaged 6.3 days. The lemale longevity averaged

203 days, The adult female longevity involves three periods:
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e Pre-oviposition period: 1t averaged 7.3 days.

e Oviposition period and fecundity: The oviposition period averaged
6.7 davs. The number of eggs produced per one temale averaged 0.9
ceps/female.

e Post-oviposition period: 1t averaged 6.3 days.

5. Life cycle: Tor female averaged 47.0 days. For male averaged 30.3

davs.

6. Life span: Vor female averaged 67.3 days. [For male averaged 36.7

davs.

2.2.1.2. Developmental stages and life span on eggs of C. chinensis:

I. Egg stage: The incubation period averaged 7.0 days for female, while
for male averaged 5.3 days.

2. Larval stage: The developmental period of larvae averaged 10.3 days
for females. For males averaged 10.3 days.

3. Nymphal stage: 1t averaged 26.7. The duration of protonymphal stage
averaged 10.0 days. The duration of deutonymphal stage averaged
16.7 days. The duration of nymphal stage of adult male averaged 10.7
davs,

4. Adult stage: The longevity of adult male averaged 6.0 days. For
femule averaged 20.0 days.

e Pre-oviposition period: 1t averaged 6.3 days.

e Oviposition period and fecundity: The oviposition period averaged
6 0 days. The number of eggs produced per one female averaged 7.9
cees/female.

o Post-oviposition period: 1t was with an average of 7.7 days.

5. Life eyele: Tor female averaged 44.0 and for male averaged 26.3 days.

6. 1ife span: T'or female averaged 64.3 and for male averaged 32.3 days.
1[5 g £
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2.2.2. Biology of the predatory mite Acaropsis sollers:

. Egg stage: The incubation period averaged 5.7 days for females,
while for males averaged 5.7 days. The hatching larvae did not feed
and remain near the eggshells.

2. Nymphal stage: 1t averaged 9.3 days to reach the adult femalce. The
duration of nvmphal stage ol male averaged 9.0 days. In tact, there is
one nvmphal form only for female and male.

3. Adult stage: The male longevity averaged 6.3 days. The female
long~vity averaged 15.3 days.

e Pre-oviposition period: 1t averaged 4.7 days.

o Oviposition period and fecundity: The oviposition period averaged
5.0 days. The average number of eggs produced per one female
averaged 1.3 eggs/female.

e Post-oviposition period: 1t averaged 5.7 days.

4. Life cypele: For temale averaged 15.0 and for male averaged 6.3 days.

5. Life span: 'or female averaged 30.3 and for male averaged 18.7 days.

l. 'ge stge: The incubation period averaged 4.7 days lor temales,
while for males averaged 4.0 days.

2. Nymphal stage: 1t averaged 9.0 days to reach the adult female. For
adult male averaged 6.3 days.

3. Adulr srage: The male longevity averaged 0.0 days. I'or female
longevity averaged 14.3 days. The adult female longevity involves
three periods:

o ’re oviposition period: 1L averaged 4.3 days.
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e Oviposition period and fecundity: The oviposition period was with
an mverage of 4.3 days. The number of eggs produced per one female
was with an average of 8.9 eggs/female.

e Post-oviposition period: [t averaged 5.7 days.

4. Life cycle: For lemale averaged 13.7 and for male averaged 11.0 days.

N

. Life span: For female averaged 28.0 and for male averaged 17.0 days.

2.2.3. Comparison between bionomics of C. malaccensis and A. sollers:
The life cycle and [ecundity were ditfered between the two
predacious mite species and between the same mite species during their

rearing on cpgs of the two-bruchid beetle species.

The average duration periods of females and males of the predacious
mite C. malaccensis was longer than the average duration periods ol
females and males of the predacious mite A. sollers when they were
reared on eggs of C. maculatus and C. chinensis. Whatever, the lite span
ol" male  foreither C. malaccensis or A. sollers was shorter than the span

ol the female.

The lecundity of C. malaccensis was lower than the fecundity of A.
sollers when they were reared on eggs of the both bruchid beetle species.
[n the same time, the average number of eggs laying by A. sollers was
higher for females reared on eggs of C. maculatus than that on eggs of C.
chinensis. The opposite trend was noticed for C. malaccensis.

As results of observations on the bionomics of both predacious mite
species, it could be concluded and clarified the following points:

I. The female life cycle of the predatory mite C. malaccensis has four
developmental  immature  stages  i.e., egg, larva, protonymph and
deatonymph. While,  the male life cycle has three developmental

mmature stages only viz., egg, larva and nymph.
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~.The Temale  and male life cycles of the predatory mite A. sollers have
three developmental stages i.e., egg, larval and nymphal stages. In

addition, larvae survived very few hours and did not feed.

-

CTThe bionomics of A. sellers female and male was carried out for the
firt 1time at least in Egypt.

4. Cumnibalism was abundance in the adult stages of both mite spices

¢ pecially at the time that the preys (eggs ol insects, immature and

adult stages of other mite species) were absent or in scarce numbers.

3. Biological Control:

The preduation capacities were determined every 24 or 48 hrs by
counting the nwmber of punctured and non-punctured intact egg chorines
per Petri dish. The daily consumption rates and predation percentages on

cepe stage ol both bruchid beetle species were estimated.

3.1, Efficiencey of Cheyletus mualaccensis as a biological control agent:

h

3 AL Predation capacity of C. malaccensis on C. maculatus eggs:

1. Larval stage: Female Tarva of this mite species consumed eggs with
an average oi 16.9 eggs. While male larva preyed upon the beetle eggs
with an average ot 13.2 eggs.

2. Nvmphal stage: The feeding capacity of female nymph averaged 55.3

coos. The average numbers of consumption eggs by protonymph and

deutonymph were 17.8 and 37.5 eggs. respectively. The feeding

capacities of male nymph on prey eggs averaged 23.7 eggs.

3. Life evele: The mite females during their life eycles preyed upon C.
maculatus ¢ggs with an average of 72.3 eggs. The mite males during
their Tile eyceles fed on eggs with an average ol 36.8 eggs.

4. A ‘ol longevity: The predation cupacity during longevity of adult

femnle averaged 39.9 eggs/temale. The predation capacity during
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lonvevity of adult male averaged 12.2 eggs/male. In the pre-
oviposition  period the attacking prey eggs averaged 17.8 eggs, during
the oviposition period the adult female consumed eggs with an
average of 14.9 eges and in post-oviposition period the adult temale
fed on prey eggs with an average of 7.2 eggs.

5. Life _span: The mite female during the whole duration periods preyed
upon the eggs with an average of 112.1 eggs/temale. The mite male

attached prey eggs with an average of 49.0 eggs/muale.

3.1.2. Predation capacity of C. malaccensis on C. cliinensis eggs:
1. Larval _stage: Female larva fed on prey eggs with an average of 13.2

eges, while male larva fed on prey eggs with an average of 13.7 eggs.

9

. Nvmphal stage: The feeding capacity ol this mite species temale
nymph during averaged 55.7 eggs. The average numbers of
consumption eggs by protonymph and dceutonymph were 18.0 eggs
and 37.7 cgps, successively. The feeding capacity of male nymph
dining its duration on prey eggs was with an average of 18.7 ¢ggs.

3. Life _cvele: The mite female during its life cycle preyed upon C.

chinensis eggs with an average of 68.9 cggs. The mite male during its

life exele fed on prey eggs with an average of 32.3 eggs.

4. Adult_longevity: The predation capacity during longevity of adult

female averaged 37.7 eggs/temale. The predation capacity during
longevity of adult male averaged 9.2 eggs/male. In the pre-oviposition
period the attacking prey eggs by female averaged 14.7 eggs, during
the oviposition  period  the adult female consumed eges with an
average of 17.5 eggs and in post-oviposition period the adult female

e on eggs with an average of 5.5 eggs.
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S. Life_span: The mite female during whole duration periods preyed
upon prey eggs with an average of 106.5 eggs/female. The mite male

attacked prey eggs with an average of 41.5 eggs/male.

3.2. FPfficiency of Acaropsis sollers as a biological control agent:

3.2.1. Predation capacity of A. sollers on C. muaculatus epos:
o . &

1. Nvmphal stage: The feeding capacities ol this mite species female

nymph during its  duration beetle cggs averaged 24.9 cggs. The
[ceding capacities of male nymph on prey cpgs averaged 15.0 epgs.

2. Life_cvele: The mite females during their life cycles preyed upon
beetle egps with an average of 24.9 epgs. The mite males during their
life cycles fed on eggs with an average of 15.0 eggs.

3. Adult longevity: The predation capacity during longevity of adult

fermale on G maculatus  eggs averaged 64.0 eggs/temale. The
predation capacity on prey cggs during longevity ol adult male
averaged 17.8 eggs/male. However in the pre-oviposition period the
attacking  prey cggs by female averaged 21.7 cggs, during the
oviposition period the adult female consumed prey cges with an
average of 23.9 eggs and in post-oviposition period the adult female
fed on prey eggs with an average of 19.7 eggs.

4. Life_span: The mite female during the whole duration periods preyed
upon the eggs of C. maculatus with an average of 88.9 eggs/temale.

The mite male attacked prey eggs with an average of 32.8 eggs/male.

3.2.2. Predation capacity of A. sollers on C. chinensis cggs:

I. Nvmphal stage: The feeding capacity of this mite species female

nymph during its duration on the pulse cowpea beetles eggs averaged
1.2 eggs. The feeding capacities of male nvmph on prey eggs

averaged 17.7 eggs.

\
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2. Life_cyele: The mite female during its life cycle preyed upon C.
chinensis eggs with an average ot 21.2 eggs. The mite male during its
life cvele fed on prey eggs with an average of 17.7 eggs.

3. Adult_longevity: The predation capacity during longevity of adult

femuale  averaged 56.0 eggs/female. The predation capacity during
longevity of adult male averaged 9.2 cggs/male. In the pre-oviposition
period the atltacking prey eggs by temale averaged 17.5 epgs, during
the oviposition period the adult female consumed eggs with an
average of 19.9 epgs and in post-oviposition period the adult female
fed on 18.6 eggs.

4. Life _span: The mite female during the whole duration pcridds preyed
upon the pulse cowpea beetlic eggs with an average of 77.2
egos/female. The mite male attacked prey eggs with an average of

33.5 cggs/male.

3.3. Comparison between the efficiency of the two predacions mites:

3.3 1. Comparison among the predation capacities of stuges of tlie two
predacious mite species:
The comparison among the predation capacitics ol any stage 1.e.,
larvace, nyvmphs and adults of C. malaccensis and A. sollers on cgys of the

two bruchid beetle species were carried out.

I. Larval _stage: The predation capacities of C. malaccensis {emale

Lirvac on eggs of C. maculatus were higher than that ol male larvae,
while it was equal on eggs of C. chinensis.

2. Nymphal stage: The feeding capacities ol C. malacceensis temale and
g cay

male nymphs were higher on eggs of C. maculatus and C. cliinensis
than those ot A. sollers. The feeding capacitics ol female nymphs
were arranged in this descending order C. malaccensis females on

cous ol G cliinensis, C. maculatus toliowed by females A. sollers on

e LG clitensiy, € mackiutus folowed by femaies . solferson
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eegs ol C maculatus and C. chinensis. The feeding capacities of
male nymphs were arranged in this descending order A. sollers on

cpes ol Co chinensis. C. maculatus followed by C. malaccensis on

3. Life cycle: emales and males of C. malaccensis consumed cggs of C.
maculatus  and C. chinensis more than females and males of A.
sollers during  their life cycles. The predation capacities during
females™ life cycle were arranged in this descending order C
mataccensis on egps of C. maculatus, C. chinensis [ollowed by A.
sollers on eggs of C. maculatus and C. chinensis, respectively. The
predation capacities during males® life cycle were arranged in this
descending order Co malaccensis on  cges o C.o maculatus, C,
cliinensis ollowed by A. sollers on eggs of C. chinensis and C.
acularus, successively.

4. Adult stage: The predation capacities during the adult longevity were
higher in A, sollers females and males than those of C. malaccensis.
The predation capacities during females™ longevity were arranged in
this descending order A, soflers on eggs of C. maculatus, C. chinensis
followed by C. malaccensis on eggs of C. maculatus and C.
chinensis, respecuvely. The predation capacitics  durmg  males’
longevity were arranged in the same trend ol femaie’s longevily.

5. Life span: The predation capacities during the lifc span of females
and males of C. malaccensis were higher than of those of A. sollers.
The predation capacities during females’ lifc span were i this

descending order C. malaccensis on cggs of C. maculatus, C.

chinensis followed by A. sollers on cggs ol C. maculatus and C.
chinensis, respectively. The predation capacities  during males” life

span awere i this descending order C. malaccensis on eggs of C.




maculatus, C. chinensis (ollowed by  A. sollers on eggs of C.

chinensis and C. maculatus, successively.

[t is noteworthy to mention that, C. malaccensis tfemales during
their duration consumed ceggs of Co maculatus and C. chinensis more
than that of A. sollers females and males. This could be ascribed to the
long life cycles of C. malaccensis females that have larval, protonymphal
and dJeutonymphal  stages feed on eggs of the preys. While, the short lite
cvele of Al sollers females could be attributed to that females have non-
teeding larvae and one nymphal stage only. Data indicated that although
C. malaccensiy female consumed prey eggs more than A. sollers temale
during their life span, A. sollers temale and male consumed eggs of both
beetle  species more than those of C. malaccensis during their adult
longevities. This due to that adult of A. sollers was the most voracious
predatory: mite than C. malaccensis. Therefore, this phenomena took our
attention to compare the daily rate of consumption per each stage and the

cfhcieney percentages of both predacious mite species.

The daily consumption rate and consumption percentage were
calculated as the following two equations:

Average no. of consumed eggs by uany stage
Daily consumption rate = oo
Average no. of survival days of the same stage

Average no. of consumed cggs by any stage
% 0F CONSUIMPLION = ~mmm e e e e e e e e x 10U
Total average no. of consumed eggs during life span

3.3.2. Comparison the daily consuniption rates of the two predacious
miite species:

. L arval stage: The daily consumption rates ol C. malaccensis female
aed male Tarvae on eggs ol Co maculatus werel 3 cgps/larva/day and

ciual oneggs ol C. chinensis.
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'O

Nymphal _stage: The daily consumption rates of C. malaccensis

lemale and male nymphs were lower on eggs of C. maculatus and C.
chinensis than those of A. sollers. The daily consumption rates of
[emale nymphs were higher than of those of male nymphs. Except, in
the consumption rate of male nymphs ot A. sollers on cggs of C.
chinensis 1t was higher than female nymphs, where the rates were 2.8
and 2.4 eggs/nymph/day for male and female nymphs, respectively.

3. Life_cycle: The daily consumption rate of C. malaccensis female was
lower than that of A. sollers female on eggs of C. maculatus, while
lor niales the daily consumption rates were cqual (1.2 cggs/male/day).
The daily consumption rate of C. malaccensis female was higher than
that ol A. sollers [emale on eggs ot C. chinensis, while for males the
datly consumption rates were differed and in A. sollers male was
higher than in female.

4. Adult stage: The daily consumption rates during the adult longevity
were  higher in A, sollers temales and males than those of C.
malaccensis. Also, the daily consun‘u)tion rates of  females in both
predacious mites were higher than that of males in all treatments.

5. Life span: The daily consumption rates during the lile span ol females

and males ol C. malaccensis were lower than of those of A. sollers.

3.3.3. Comparison the consumption percentages of the two predacious
niite species:

. Larval stage: The consumption percentages of C. malaccensis male

larvace on egps of C. chinensis (33.0%) and C. maculatus (26.9%)
were  higher  than that of female larvae on eggs of C. chinensis
(12.14°%) and C. maculatus (15.1%). In addition, the consumption
percentage. of C. malaccensis temale larvae on eggs of C. maculatus

were lower than that on eggs of C. chinensis.
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2. Nymphal _stage: The consumption percentage of C. malaccensis
femuile nymphs was lower on eggs of C. maculatus (49.3%) than that
ol C. chinensis (52.3%). The consumption percentage of C.
malaceensis male nymphs  was higher on eggs ot C. maculatus
(IS 170y than that of G0 clunensis (45.1%0). The  consumption
percentage of Ao sellers female nymphs was little higher on cpgs ol C.
maculatus  (28.0°%) than that of C. chinensis (27.5%). The
consumption percentage of 4. sollers male nymphs was lower on eggs
ol Comaculatus (45.7°0) than that of C. chinensis (52.8%).

3. Life cyele: The consumption percentages during temales’ lile cycle
were lower than that of males on eggs of both bruchid beetle species.
The consumption  percentage of C. malaccensis female during its life
cvele was equal (04.5% and 64.7%) on cogs ol Comaculatus and C.
chinensis. respectively.  Also, the consumption percentage of .
sollers female during its lile cycle was little higher on eggs ol C.
macilatis (28.0%) than that on cggs of C. clhiinensis (27.5%).

4. tdult stage: The consumption percentages ol adult longevities were
Ficher in AL sollers females and males (72.0, 72.5 and 54.3, 47.2%)
than those ot C. malaccensis (35.0, 35.4 and 24.9, 22.2%) on eggs of
C. maculatus and C. cliunensis, successively. Also, the consumption
percentaces  of temales i both predacious mites were higher than that

ol males.

The predation efticiency of mites is depended on the period of cach
stage, number and  abundance  of the preys and the activity of the
preducious mites themselves.  Furthermore, the climatic conditions such

asosloragee temperature, interaction between temperature and relative

Lanadit o moisture of crops and type ol the crops as well as the behaviour



224

ol stored product pests and predacious mites are limitation factors for

increasing or decreasing the efficiency.

As a linal conclusion, the efficiency of the two predatory mite species

as biological control agents against the bruchid beetles eggs, it could be

concluded and clarified the following points:

1

12

)

CHighly differences were detected belween the average numbers of

prey ceggs, which were consumed by the two mite species.

lrom the  theoretical  point,  the cheyletid predatory mite G

malaccensis consumed number of prey eggs more than that the
predatory mite 4. sollers during its life history, that due to the length

ol life span of the first mite species.

. Iromy the practical point, the cheyletid predatory mite A. sollers was

the most voracious predator preyed upon the bruchid beetle eggs than
that oI’ C. malaccensis that ascribed to the short time of life span. This

due to the highly rate and the percentage ol consumption.

The adult females of cheyletid mite species prey upon prey eggs more

than the adult males under the laboratory conditions. This is due to the
length of adult females” duration.

[t could be suggested that the predatory mite species play an essential
role in the process of mass rearing and have influence on quality
indices  of bruchid beetle cultures. And it must be considered in
planning ol hiological control programs i stores. That needs more
inspections and  research work to select and identity the suitable

methods to controlling such these insect pests in storage.




